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Summary
Introduction: Impingement is a factor of failure in total hip replacement (THR), causing insta-
bility and early wear. Its true frequency is not known; cup-retrieval series reported rates varying
from 27 to 84%.
Hypothesis: The hypothesis was that a large continuous series of THR cup removals would help
determine the frequency of component impingement.
Objectives: The hypothesis was tested on a continuous retrospective series of cups removed in
a single center, with a secondary objective of identifying risk factors.
Materiel and methods: Macroscopic examination looked for component impingement signs in
416 cups retrieved by a single operator between 1989 and 2004. Risk factors were investigated
by uni- and multivariate analyses in the 311 cases for which there were complete demographic
data. In these 311 cases, removal was for aseptic loosening (131 cases), infection (43 cases),
instability (56 cases), osteolysis (28 cases) or unexplained pain (48 cases); impingement was
explicitly implicated in only ﬁve cases (1.6%), always with hard-on-hard bearing components.
Results: Impingement was found in 214 of the 416 cups (51.4%) and was severe (notch > 1mm)
in 130 (31.3%). In the subpopulation of 311 cups, impingement was found in 184 cases
(59.2%) and was severe in 109 (35%). Neither duration of implant use nor cup diameter or
d as risk factors. On univariate analysis, impingement was morefrontal orientation emerge∗ Corresponding author. Tel.: +33 0320 446 828; fax: +33 0320 446 607.
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frequently associated with revision for instability, young patient age at THR, global hip range of
motion >200◦ or use of an extended femoral head ﬂange (or of an elevated antidislocation rim
liner), and was more severe in case of head/neck ratio < 2. On multivariate analysis, only use of
an extended head ﬂange (RR 3.2) and revision for instability (RR 4.2) remained as independent
risk factors for impingement.
Discussion: Component impingement is frequently observed in cups after removal, but is rarely
found as a direct indication for revision, except in case of hard-on-hard friction couples
(polyethylene being the most impingement-tolerant material). Systematic use of extended head
ﬂanges and elevated antidislocation rims is not to be recommended, especially in case of exces-
sive ROM. A good head/neck ratio should be sought, notably by increasing the head diameter
in less impingement-tolerant hard-on-hard friction couples. Although not identiﬁed as a risk
factor in the present study, implant orientation should be checked; computer-assisted surgery
can be useful in this regard, for adaptation to the patient’s individual range-of-motion cone.
Level of evidence: Level IV, retrospective observational study.
© 2011 Elsevier Masson SAS. All rights reserved.
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cntroduction
rosthetic impingement and its consequences were identi-
ed as soon as total hip arthroplasty (THR) was developed.
alker et al. [1], as early as 1974, reported impingement
s one of the failure factors in McKee-Farrar THR. In 1975,
mstutz et al. [2] implicated extended femoral head ﬂanges
nd low head/neck ratios as risk factors for impingement.
ater, Chandler et al. [3] and Krushell et al. [4] conﬁrmed the
ossible complications associated with impingement. Murray
5] implicated elevated rims as a risk factor for impingement
nd acetabular ﬁxation failure. Hall et al. [6] demonstrated
hat head/neck ratio and wear were risk factors for impinge-
ent. Yamaguchi et al. [7] added another impingement risk
actor: excessive cup anteversion. Various studies reported
ates of impingement found during THR revision varying
etween 27 and 84% [6—11]. These series were not all con-
inuous, and retrieved a very variable number of cups (from
8 to 162), which may go some way to explaining the wide
ariation in impingement rates observed. The present study
ade the hypothesis that a large continuous series of THR
up explants would help determine the frequency and con-
equences of prosthetic impingement. The hypothesis was
ested on a continuous series of cups removed in a single
enter. The secondary objective was to identify risk factors
or prosthetic impingement.
aterial and methods
aterial
he study concerned acetabular components (n = 505), con-
ecutively retrieved by a single operator (HM) between 1989
nd 2004. The cups were decontaminated by steeping in a
etergent solution (SalvaniosTM, Anios, Lille, France), then
insed, dried and stored away from the light. Exclusion
riteria were: bipolar prosthesis (two cases), resurfacing
rosthesis (three), dual mobility cup (14), cups damaged
uring removal (69), and one cement femoral spacer artic-
lated with a primitive cup. In all, the study thus included
continuous series of 416 explants. Demographic data were
w
s
ﬂ
t
womplete for 311 of these (74.7%), but partial and, there-
ore, not analyzed for the other 115 (25.3%). Descriptive
nalysis of impingement frequency and severity thus con-
erned 416 cups, while risk factor analysis concerned 311
xplants. Friction couple diameters were as follows: 28mm
n 195 cases (47%), 32mm in 146 (35%), 22mm in 51 (12%),
nd other (26, 27, 35 or 37mm) in just 24 cases (6%). There
ere 97 cemented and 319 non-cemented cups. Fifty-one
nserts had elevated rims, and 32 of the implant heads had
n extended ﬂange (skirted head). Seventeen of the fric-
ion couples were hard-on-hard (six ceramic-on-ceramic and
1metal-on-metal), while the other 399 used polyethylene
s a bearing component.
ethods
he 416 explants were studied macroscopically by two
bservers on two occasions at a 2-month interval, to
nsure agreement in data interpretation. Impingement was
xplored for by macroscopic examination of the acetabular
pecimen using a magniﬁer (×2) and light refraction to dis-
lose irregularities of the joint surface and equatorial ring.
mpingement was rated by measuring (in mm) the resul-
ant notch using a transparent ruler and magniﬁer (×2), and
uantiﬁed according to maximum notch depth (Fig. 1). It
as then classiﬁed according to four grades of equatorial
otch depth: grade 0, no impingement; grade 1, notch vis-
ble but ≤1mm; grade 2, notch >1 to 3mm; and grade 3,
otch >3mm (Table 1), and considered severe if at least
rade 2. Analysis of both components for all hard-on-hard
riction couples (n = 17) was available, particularly regard-
ng the femoral component and head, and especially when
he latter was equipped with an extended ﬂange (Fig. 2).
mpingement could be identiﬁed in hard-on-hard couples on
he equatorial rim of the cup, or on the neck of the femoral
omponent according to the same criteria (Table 1, Fig. 2).
In the 311 explants for which full demographic data
ere available, range of motion (ROM) before revi-
ion was recorded as an individual global ROM score:
exion + extension + abduction + adduction + external rota-
ion + internal rotation. Acetabular component inclination
as measured on X-ray in 137 cases (44%) as the angle in
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Table 1 Distribution of impingement according to notch depth.
Impingement grade Acetabular ring aspect Distribution in
416 explants (%)
Distribution in
311 explantsa (%)
Grade 0 No ring or visible abrasion at equator 202 (48.6) 127 (40.8)
Grade 1 Notch visible at equator, but ≤1mm 84 (20.1) 75 (24.1)
Grade 2 Notch >1mm ≤3mm 81 (19.5) 75 (24.1)
Grade 3 Notch >3mm 49 (11.8) 34 (11)
a Demographic data were complete for 311 of the 416 explants and these were used for risk-factor analysis.
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acetabular component removal, presented in Fig. 3, was
impingement (detected before revision) in only ﬁve cases
(1.7%), all involving hard-on-hard friction couples (four 28-
mm metal-on-metal and one 28-mm ceramic-on-ceramic).
Table 2 Etiology of initial THR in the 311 cases with com-
plete demographic data. Occurrence of impingement did not
correlate with primary THR indication.
Etiology Number (%)
Osteoarthritis of the hip 123 (39.5)Figure 1 Grade-2 impingement affecting an elevated rim
(arrows).
the frontal plane subtended by a line between the two
edges of the acetabular component and the radiographic
teardrop line. The head/neck ratio was calculated as the
ratio of the size of the head to the size of the implant neck,
either according to the manufacturer’s data or as measured
by caliper.
Statistics
Categoric variables were analyzed by Chi2 test. Means were
compared by analysis of variance. Correlations between con-
tinuous variables were assessed by correlation test. The
signiﬁcance threshold was set at 5%. Variables associated
with occurrence or severity of impingement were identiﬁed
on univariate analysis; their independence was assessed on
multivariate analysis and their impact by odds ratio. The
odds ratio for certain risk factors was determined by logistic
regression. 95% conﬁdence intervals (95% CI) were calcu-
lated.
Results
Impingement was found in 214 of the 416 explants (51.4%).
The distribution by grade was: 84 (20.1%) grade 1, 81 (19.4%)
grade 2 and 49 (11.8%), grade 3 (Table 1). Severe (grade 2 or
3) impingement was found in 130 cases (31.3%).
In the 311 cases for which demographic data were avail-
able, mean age at revision was 52.4± 14.4 years (range,
15—84 years). Advanced age at implantation had a pro-igure 2 Grade-2 impingement on metal-on-metal friction
ouple. The notch is on the ﬂanged head (arrows) and not at
he equator of the metal acetabular component.
ective effect against onset of impingement: the mean
ge of patients in whom impingement was observed was
0± 15 years, versus 55.3± 13.3 years in those in whom
t was not (P = 0.006). Advanced age at implantation was
ikewise associated with lesser severity of impingement:
he mean age of patients with grade 0 or 1 impinge-
ent was 54.7± 13.2 years, versus 47.8± 16.1 years for
rade 2 or 3 (P = 0.0006). Mean implant life up to removal
as 7.7± 5.5 years (range, 2months to 26 years), with-
ut correlation with the occurrence of impingement. The
tiology underlying THR, presented in Table 2, was unre-
ated to the occurrence of impingement. The reason forDysplasia 79 (25.5)
Aseptic osteonecrosis 64 (20.5)
Traumatic or post-traumatic 35 (11.2)
Rheumatoid arthritis 10 (3.3)
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F n for revision in the 311 cases with complete demographic data.
I cation (P = 0.0028). ‘‘Miscellaneous’’ covers cup-psoas conﬂict and
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relation between friction couple diameter and occurrence
(or severity) of impingement.
Mean inclination, which was measured in 137 cups, was
42.5◦ ± 10◦ (range 10—68◦), with no correlation with occur-
rence of impingement.
Multivariate analysis identiﬁed two independent factors
for occurrence of impingement:
• revision for instability, with a relative risk of 4.2 (95% CI,
[1.1—16.2]);
• use of a head with an extended ﬂange, with a relative risk
of 3.2 (95% CI, [1.2—15.3]).
Discussion
The present continuous series was the largest to analyze
prosthetic impingement in retrieved acetabular compo-
nents. Only Yamaguchi et al. [7], Shon et al. [9], Birman
et al. [10] and Wiadrowski et al. [8] reported more than
100 (but less than 200) explants. The main limitation of
the present design lay in the purely macroscopic study of
impingement, which, despite optical magniﬁcation, may
have overlooked slight impingement effects causing super-
ﬁcial abrasion. The present series conﬁrms the frequency of
impingement, found in 59.2% of 311 cups, comparable to the
56% rate reported by Shon et al. [9] in 162 explants. Unlike
Kluess et al. [12], no correlation was found between head
size and occurrence or severity of impingement. There was,
however, a correlation with head/neck ratio [6,7,12,13]. We
believe that range of motion and impingement depend more
on the head/neck ratio than on the friction couple diame-
Table 3 Mean head/neck ratio according to impingement
grade (P = 0.008).
Impingement grade
(n)
Mean head/neck
ratio± SD (range)igure 3 Distribution of impingement according to indicatio
mpingement rates were signiﬁcantly higher in revision for dislo
nexplained pain.
mpingement was observed in 184 of the 311 explants with
ssociated demographic data (59.2%), with a distribution of
5 grade 1 (24.1%), 75 grade 2 (24.1%) and 34 grade 3 (11%)
Table 1). There was a correlation between global ROM
nd occurrence of impingement: 66% of cases with global
OM >200◦ showed impingement, versus only 45% in case
f global ROM ≤200◦ (P = 0.025). Likewise, there was a
orrelation between global ROM and impingement sever-
ty: grades 0 and 1 were associated with a mean global
OM of 197.1◦ ± 39◦, versus 217.3◦ ± 50◦ in grades 2 and 3
P = 0.02).
Certain causes of THR revision were more frequently
ssociated with impingement (P = 0.0028) (Fig. 3). Thus,
5 of the 56 cups removed because of dislocation (80%)
howed impingement, versus only 16 of the 43 (38%)
emoved for infection (Fig. 3). Likewise, only dislocation
as associated with a majority of cases of impingement of
rade 2 or greater (30 out of 56 [53.5%]) (P < 0.05). Con-
ersely, in the majority of cases of revision for aseptic
oosening or infection, there was no or only grade-1 impinge-
ent (grade 0 or 1 in 95 of the 131 (72.5%) revisions for
oosening and in 36 of the 43 (83.7%) revisions for infec-
ion).
Cups that had been facing a head with extended ﬂange
n = 32) more frequently showed impingement: 25 of the
2 (78%) THRs equipped with an extended ﬂange head
howed impingement (of whichever grade), versus only 153
f the 279 (55%) where the head had no extended ﬂange
P = 0.016). Likewise, impingement in case of extended
ange head was more severe: 20 of the 32 (62.5%) THRs
quipped with an extended ﬂange head showed grade 2 or
impingement, versus only 92 out of 279 (33%) without
xtended ﬂange (P = 0.012). Elevated rims on the polyethy-
ene component were also associated with impingement
P = 0.025): 37 of the 51 (72.5%) cups with an elevated rim
howed impingement on revision, versus only 143 of the 260
55%) without.
The mean head/neck ratio (measured in mm) was
.04± 0.2 (range, 1.22 to 2.99). There was a signiﬁcant
orrelation between impingement severity and head/neck
atio: severe (grade 2 and 3) impingement was associated
ith a mean head/neck ratio 0.1 lower than in grades 0 and
(P = 0.008) (Table 3). There was, on the other hand, no cor-
Grades 0 and 1
(n = 202)
2.02± 0.23 (1.4—2.8)
Grades 2 and 3
(n = 109)
1.93± 0.3 (1.22—2.99)
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ter taken alone. With a 12/14-mm Morse taper, the cone
of motion for a 38mm head is 154◦, falling to 135◦ for a
32mm head (i.e., head/neck ratio of 2.3), and to 126◦ for
a 28-mm head [14]; this difference is greatly reduced by
using an extended ﬂanged head, canceling out the beneﬁt
of increasing the friction couple diameter [15]. Yoshimine
[16,17] demonstrated that the risk of impingement begins
to fall off as of a 135◦ cone of motion. Thus, using a 32-mm
head would not in itself seem to be enough to reduce sig-
niﬁcantly the risk of impingement; only with a caliber of at
least 36mm does the cone of motion (then 147◦) exceed the
minimum recommended by Yoshimine (135◦), particularly if
care is taken to use a small-diameter neck [14,16,17].
Increasing the size of the head provides certain bene-
ﬁts. Gondi et al. [13] reported increased ROM, and Nadzadi
et al. [18] reported increased stability due to an increase
in the force required for dislocating movement. Yamaguchi
et al. [7] also highlighted reduced risk of impingement with
increased femoral head size, due to the increased distance
between the rim of the cup and the implant neck. These
arguments favor a head size of at least 36mm if the risk of
impingement is to be signiﬁcantly reduced, particularly in
case of hard-on-hard friction couples, and on condition that
a small-diameter neck with sufﬁcient mechanical resistance
is used [12,14].
Although impingement is often discovered during THR
revision (in 57.6% of cases in the present series), the current
study conﬁrms that it is seldom the reason for revision (in
only 1.6% of cases in the present series) and that discovery
is usually serendipitous. Only in hard-on-hard friction cou-
ples is revision indicated speciﬁcally for impingement, which
can be directly perceived by the patient or surgeon [15,19].
Impingement is more seldom directly implicated in revision
for hard-on-soft friction couples, due to the remodeling of
the equator of conventional [20] and cross-linked polyethy-
lene components [21], which makes clinical detection of
impingement more difﬁcult. The main sign of impingement
in hard-on-soft friction couples would seem to be instabil-
ity, as seen in the current study where the highest rate of
impingement was found in revision for recurrent dislocation,
with implant instability emerging as an independent risk fac-
tor strongly correlated with impingement on multivariate
analysis.
Many authors consider the presence of an extended head
ﬂange as a risk factor for impingement and instability due to
the considerable reduction in head/neck ratio [2,15]. With
28-mm metal-on-metal friction couples, Delaunay et al.
[15] reported dislocation (at 3 years) in more than 17.5% of
implants with extended ﬂanges, versus 2.6% in a matched
series without extended ﬂanges. The same study highlighted
the negative impact of extended ﬂanges on THR survival,
which at 10 years was only 81.5% in implants with extended
head ﬂanges versus 98.7% in the group without extended
ﬂange [15]. The current series conﬁrmed the negative
impact of extended ﬂanges, which emerged as an indepen-
dent risk factor on multivariate analysis. We recommend
limiting their use, particularly in case of small-diameter
friction couples or of other risk factors for impingement
[2—4,7]. Elevated polyethylene insert rims, if poorly posi-
tioned, can also reduce the implant’s cone of motion. The
elevated rim on the cup makes for earlier contact with the
implant neck. Murray [5] demonstrated that elevated rims
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ere responsible for impingement and reduced ROM by 30%.
he current series showed impingement in more than 72% of
ups with this antidislocation device, versus 55% in those
ithout. The negative impact was not, however, as clear
s in the case of heads with extended ﬂanges, and ele-
ated rims did not emerge as an independent risk factor
n multivariate analysis. This probably accounts for the fact
hat their use is not always associated with elevated rates
f failure [22]. Our data do, however, recommend against
sing elevated rims systematically in case of other impinge-
ent risk factors: notably, an extended ﬂange head and/or
igniﬁcantly excessive ROM.
Over and above implant design, the orientation of the
omponents is essential in preventing impingement and dis-
ocation. The current study was limited in this regard, as
nteversion values were not available (not being precisely
easurable on standard X-ray views) and inclination was
easured on only 137 of the 311 explants. Lewinnek et al.
23] reported that optimal cup positioning was at an incli-
ation of 30◦—50◦ and anteversion of 5◦—25◦. Seki et al.
24] recommended 30◦—50◦ inclination and 1◦—30◦ antev-
rsion (associated to 10◦ femoral anteversion). Widmer and
urﬂuh [25] gave a narrower range of 40◦—45◦ frontal incli-
ation and 20◦—28◦ anteversion; Nishii et al. [26] considered
efective anteversion more harmful for stability than defec-
ive inclination. All these data, however, are to be taken
ith caution: Pierchon et al. [27], comparing patients with
nd without dislocation, found no signiﬁcant difference
n implant positioning. Such apparently discordant ﬁndings
ay have various explanations:
pelvis position was not taken into account by Pierchon
et al. [27], although it can alter the functional orientation
of the cup [28—30];
dislocation may also be affected by the implant’s muscu-
loligamentary environment, and notably by conservation
of femoral offset and gluteal tension [27,31].
Kapandji [32] demonstrated that the normal ranges of
otion in a healthy hip were 130◦ ﬂexion, 40◦ extension,
0◦ abduction and adduction, 40◦ external rotation and 60◦
nternal rotation. It follows that the maximum physiolog-
cal amplitude in ﬂexion-extension is 170◦. There would,
hus, appear to be ‘‘safe zones’’ that limit the risk of
mpingement, but it is more difﬁcult to position the implant
‘ideally’’ so as to ensure against any risk, especially with
iameters of 32mm or less. The current study found that
up inclination had no signiﬁcant impact on the occurrence
f impingement. As recommended by Widmer and Zurﬂuh
25], it seems reasonable to position implants so that their
one of motion approximates as well as possible that of the
atient, rather than systematically imposing a single ori-
ntation. Laffargue et al. [33] showed that the cup could
e positioned according to the individual cone of motion,
sing a dedicated navigation system. Computer-guided sys-
ems that reduce variation in cup positioning, as shown by
eenders et al. [34] and Parratte et al. [35], can theoret-
cally reduce the risk of impingement. Another means of
reventing impingement is to use large-caliber friction cou-
les or dual mobility cups [14,36]. These models increase
he implant cone of motion (for the large joint in dual
obility designs), enhancing adaptation to the patient’s
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hysiological ROM. As suggested by the current data, these
inds of implant are especially indicated in hips presenting
ith a global preoperative ROM exceeding 200◦.
Prevention of impingement should be given particular
ttention in case of hard-on-hard friction couples. Both
eramic-on-ceramic [37] and metal-on-metal [15,38] cou-
les are especially liable to impingement, with risk of
evision either for abnormal noise or for osteolysis or frac-
ure in ceramic inserts [19,37,38]. There would seem to be
ess clinical impact of impingement on polyethylene com-
onents than in hard-on-hard models, but it should still
ot be ignored even if it does not directly lead to revision
9,39,40]. The main impact of impingement on polyethy-
ene components is instability [27,39,41], but osteolysis may
lso be induced [4], as well as loosening [42], which may go
s far as dissociation of the modular components [43,44].
ross-linked polyethylene is no less sensitive than conven-
ional polyethylene to the consequences of impingement
21], which when severe may go so far as to induce rupture
45].
onclusion
he implant-linked factors for risk of impingement are heads
quipped with an extended ﬂange, and cups with elevated
ims. Global ROM (sum of the various ranges of motion) of
he hip exceeding 200◦ is a clinical risk factor. The present
ndings argue against systematic use of elevated rim inserts,
articularly in association with an extended head ﬂange or
obile hip.
Although frequently found in explanted cups, impinge-
ent was rarely the indication for revision, especially in
oft-on-hard friction couples, where it was systematically
ndetected.
This study failed to determine the role of implant posi-
ioning; this element, however, is not to be overlooked and
ppears critical when other risk factors (excessive ROM,
ead/neck ratio <2) are associated. It seems reasonable to
rient implants according to the patient’s individual cone of
otion.
onﬂict of interest statement
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